Western blot analysis is a widely used method for detection of specific proteins in a variety of systems. The proteins are separated by gel electrophoresis and transferred to a suitable support membrane. The membrane is then probed with specific antibodies, which are in turn detected through reaction with secondary antibodies usually conjugated to horseradish peroxidase (HRP). A colorimetric reaction between the peroxidase and a chromogenic substrate results in a blue color at the location of the specific protein band. The introduction of biotinylated secondary antibodies, streptavidin directly conjugated to HRP (streptavidin-HRP) (6) and enhanced chemiluminescence (12) has resulted in a large increase in the sensitivity of detection. Streptavidin has four biotin binding sites per molecule. The streptavidinbiotin interaction, with a K d of 10 -15 mol/L (4), is the strongest noncovalent physicochemical bond known. This strong interaction is advantageous in western blotting, where extensive and stringent washes are needed to obtain clear, unambiguous results reflecting only the specific interaction between primary antibody and target protein.
Commercially available systems offer secondary antibodies with Fc portions that are conjugated to four biotin molecules. This allows, in theory, four streptavidin-HRP molecules to bind to the antibody, and sensitivity is increased fourfold compared to a secondary antibody conjugated directly to HRP. Sensitivity is increased further by using a phenol-enhanced chemiluminescence technique for the final detection. Chemiluminescence results when HRP catalyzes the oxidation of luminol with consequent light emission, and a permanent autoradiographic record of the results is created. Thus, quantification of picogram amounts of protein is now possible. However, a major disadvantage is that endogenous biotin-containing proteins are readily detected, which hampers the analysis.
In mammals, biotin is an essential co-factor in most carboxylase-catalyzed CO 2 -transfer reactions. Acetyl coenzyme A (CoA)-, pyruvate-, propionyl and methylcrotonyl CoA-carboxylases all contain covalently bound biotin, which acts as an intermediate carrier of the carboxyl group in the respective reactions catalyzed. These proteins are key enzymes in lipogenesis, gluconeogenesis and metabolism of various amino acids, respectively. Other proteins, such as biotinidase and histones as well as several uncharacterized ones, have also been reported to contain covalently-bound biotin (7). We now report that when detecting proteins in human tissue culture cell lysates by the western blotting technique using the streptavidin-biotin system, three to five, or occasionally more, biotin-containing proteins are also detected in the process.
We used the streptavidin-biotin detection system to detect and quantify nuclear factor kappa B (NF κ B) family members in cultured endothelial cellnuclear and -cytoplasmic extracts (1,3). Nuclear (2.5-5.0 µ g) or cytoplasmic (5.0-10.0 µ g) proteins were resolved by sodium dodecyl sulfate polyacrylamide gel (SDS-PAGE) electrophoresis (8) . To avoid nonspecific binding of antibody, the membranes were incubated at 37°C in a blocking solution consisting of nonfat milk (5% final concentration) and Tween ® 20 (0.1% final concentration) in phosphate-buffered saline (PBS, pH 7.4; Life Technologies, Gaithersburg, MD, USA) for 1 h.
Regardless of primary antibody used [against the NF κ B family members RelA (p65), p50, p52, cRel (Rockland, Gilbertsville, PA, USA) or RelB (Santa Cruz Biotechnology, Santa Cruz, CA, USA)] the autoradiographs revealed the presence of four identical bands migrating at approximately 72, 78, 130 and 220 kDa (data not shown). To test the possibility that the secondary antibody could have been recognizing other proteins nonspecifically, we performed the binding reaction in the absence of primary antibody. Again, we detected the same bands as when the primary antibody step was included in the detection protocol. We then omitted antibodies altogether and incubated the membranes in the presence of streptavidin-HRP plus substrate alone. The results, shown in Figure 1A , suggest that the streptavidin is reacting with endogenous biotin-containing proteins. These proteins also exhibit a characteristic subcellular distribution: the 72-, 78-and 130-kDa proteins are found in both nuclear and cytoplasmic fractions and the 220-kDa protein is found only in the cytoplasmic fraction. Based on their size and distribution, it is probable that they are propionyl CoA-, methylcrotonyl CoA-, pyruvate-and acetyl CoA-carboxylases that are 72-, 78-, 130-and 220-kDa, respectively (2). Acetyl-CoA carboxylase has been reported to be a cytoplasmic enzyme, whereas the three other carboxylases have been localized to mitochondria (5) . Since nuclei are pelleted by centrifugation at 13 000 × g , it is likely that a portion of the mitochondria, which sediments at 10 000 ×g(9), co-sediments in the process. If the detected proteins are the carboxylases mentioned above, mitochondrial contamination might explain the appearance of the three smaller biotin-containing proteins in both nuclear and cytoplasmic fractions. However, it is also possible that the bands detected are proteins that reside in both subcellular locations and are different from the ones suggested. In some of the samples, we have detected smaller sized biotin-containing proteins. These could be either unique proteins or simply breakdown products of the larger species.
We tested three different human cell lines (endothelial, HeLa and fibroblast cell lines) for endogenous biotin-containing proteins and found a similar distribution in all of them, suggesting that this could be a common finding and not unique to only one specific cell type ( Figure 1A ). The fact that many of the biotin-containing proteins are involved in important reactions, e.g., gluconeogenesis and lipogenesis, indicates that they would be present in virtually any cell type and would cause high background whenever the streptavidinbiotin method is used for detection of mammalian proteins.
To block the signal from the endogenous proteins, we incubated the membranes in PBS containing 0.1% Tween 20 (PBS-T) and 0.25 µ g/mL of streptavidin (Sigma, St. Louis, MO, USA) for 30 min at 37°C. The membranes were washed 3 × for 5 min at 37°C in PBS-T and subsequently incubated in PBS-T containing 50 ng/mL of d-biotin (Sigma) for 30 min at 37°C.
These successive steps block endogenous biotin-containing proteins and remaining biotin-binding sites on the now bound streptavidin, respectively. The membranes were then incubated with primary and secondary antibody and subsequently subjected to chemiluminescence and autoradiography. The results in Figure 1B show that all or most of the endogenous biotin-containing proteins are undetectable or very faint, making the identification of the specific target proteins now possible. Even the strong signal from the biotinylated standards has been eliminated. Figure 2 shows that c-Rel, in which nuclear activity is induced by tumor necrosis factor alpha (TNF-α ), is detected specifically after the blocking steps.
We chose to block the biotin-containing proteins after the samples had been denatured, gel-separated and transferred to the membrane, because there were indications that if the protein extracts were manipulated on ice, for any prolonged time, degradation and loss of activity of the target proteins resulted. By blocking after the transfer it was possible to denature and load the samples immediately after thawing them, ensuring a true representation of the target proteins. We feel that the streptavidin-biotin system is very useful when the availability of sample is limited and the target protein is low in abundance. However, potential users have to be aware of the simultaneous and seemingly inevitable detection of endogenous biotin-containing proteins. Other researchers have taken advantage of the strong interaction between streptavidin and biotin to detect biotin-containing proteins in mammalian and plant extracts (5, 10) . This illustrates why such proteins would create a background problem when using enzymeconjugated streptavidin as a tool of detection in other systems. The blocking procedure described here can also be applied to other streptavidin/biotinbased detection systems to block the endogenous biotin-containing proteins, e.g., immunohistochemical systems for detection of protein using a biotinylated antibody (6) or in situ hybridization Figure 2 . Detection of cRel on streptavidin-biotin blocked membrane.Nuclear protein extracts from an endothelial cell line exposed to 20 ng/mL of TNF-αfor 2 h to induce cRel expression, or to 500 ng/mL of human immunodeficiency virus type 1 (HIV-1) Tat protein for 2 h, were resolved by SDS-PAGE and transferred to PVDF membranes. Membranes were blocked in the presence of streptavidin followed by biotin before sequential incubations in buffers containing cRel and biotinylated secondary antibodies, respectively. Arrows denote the specific cRel protein bands. Molecular weight standards are indicated in kDa. 
